This study was carried out to investigate the survival of cpe (+) Clostridium perfringens type A in çiğ köfte. For this purpose, çiğ köfte samples were artificially contaminated with the pathogen, and then the samples were stored at 4, 24 and 30ºC for 72 h. The numbers of cpe (+) Clostridium perfringens type A, total aerobic mesophilic bacteria (TAMB) and lactic acid bacteria (LAB) in the samples were analysed at 6, 12, 24, 48 and 72 h of storage. The number of the pathogen in the samples stored at 30ºC significantly decreased during the storage and dropped below detection level (10 cfu/g) after 48 h while the reduction number of the pathogen in the samples stored at 4ºC was 1.60 log cfu/g at the end of the 72 h. The numbers of the TAMB and LAB in the samples stored at 24ºC and 30ºC rapidly increased compared to the samples stored at 4ºC during the storage period (P<0.05). This study demonstrates that this pathogen can survive in çiğ köfte stored at refrigeration temperature for more than 3 days, but cannot survive at 30ºC for 3 days.
are added to bulgur and thoroughly kneaded by hand. There is no heating step in its preparation. After kneading, the resulting product is formed into small ellipsoidal shape and served. In general, çiğ köfte is kept at room temperature (ca. 22-25ºC) and consumed during the day. However, in recent years, commercially produced çiğ köfte can be kept in refrigerator temperatures for 24 hours or more (Durmaz et al., 2007; Kilic, 2009 ). On the other hand, homemade çiğ köfte may be kept by the household more than a day.
There are various studies conducted on microbiological quality of çiğ köfte in different cities in Turkey (Elmali and Yaman, 2005; Cetin et al., 2008; Şireli et al., 2008; Ardiç and Durmaz, 2008; Bingöl et al., 2013; Bingöl et al., 2014) . Results of these studies showed that çiğ köfte may harbor pathogenic bacteria and fecal indicator bacteria including Escherichia coli, coliforms, Salmonella spp., Listeria monocytogenes, Staphylococcus aureus, Yersinia enterocolitica and Bacillus cereus. A study on çiğ köfte inoculated with Salmonella Enteritidis (about 3.0 log 10 cfu/g) showed that the number of Salmonella Enteritidis in çiğ köfte did not significantly change during 24 h storage (Uzunlu and Yildirim, 2003) . Another study conducted on the survival and growth of two L. monocytogenes serotypes 1/2b and 4b (4.0 log 10 cfu/g) in çiğ köfte stored at 4 and 21ºC reported that L. monocytogenes is capable of survival and growth in çiğ köfte at both storage temperatures (Durmaz et al., 2007) . Although each ingredient in çiğ köfte may contribute to the microbial health risks, the ground beef is the major contributor because it is well known that a variety of foodborne pathogenic bacteria can be found in ground beef (Sofos, 2008) . In Turkey, there is no detailed database about the hospital records arising from foodborne pathogens.
It has been reported that only a small fraction of all C. perfringens, mainly belonging to type A, are capable of producing an intestinally active enterotoxin (cpe = C. perfringens enterotoxin gene) (Brynestad and Granum, 2002; Durre, 2005) . cpe (+) C. perfringens type A is one of the most common agents causing foodborne poisonings each year in many countries (Garcia and Heredia, 2011) . C. perfringens is able to grow rapidly under the optimum conditions, and the ingestion of 10 6 -10 7 living C. perfringens cells per gram of food can cause foodborne intoxication (Batt and Patel, 2000) . Since the bacterium has some amino acid requirements for growth, meat and meat-containing foods provide good environments for growth. In a study conducted by Guran et al. (2014) in Turkey, it has been reported that 96% of ground beef samples collected from retail markets were found to be contaminated with C. perfringens, and the researchers noted that 77.4% of positive isolates were C. perfringens type A, 2.2% of isolates were cpe (+) C. perfringens type A. Although there are many articles reporting poor microbiological quality of çiğ köfte (Vural and Yeşilmen, 2003; Sagun et al., 2003; Küplülü et al., 2003; Daglioglu et al., 2005; Elmali and Yaman, 2005; Sancak and İşleyici, 2006; Cetin et al., 2008) , there is no published data about the survival of cpe (+) C. perfringens type A in çiğ köfte. We believe that çiğ köfte is common and popular enough to deserve a scientific evaluation for surviving of C. perfringens. Therefore, the present study was conducted to investigate the survival of cpe (+) C. perfringens type A in çiğ köfte stored at 4, 24 and 30ºC for 72 hours.
Material and methods
Preparation of inoculum NCTC 8239 strain (Hobbs serotype 3) of cpe (+) C. perfringens type A was used. Inoculum was prepared using a method reported by Guran and Oksuztepe (2014) . Briefly, the strain was cultured in 10 ml of Fluid Thioglycollate Medium (FTM, Merck, Darmstadt, Germany) and incubated at 37ºC for 18 h under anaerobic conditions. Then, 1 ml culture was transferred to another tube containing 9 ml FTM and incubated at 37ºC for 6 h under anaerobic conditions. After that, 1 ml of the 6 h culture was transferred to 9 ml of the FTM and incubated for 18 h. At the end of the incubation period, the culture was centrifuged at 4200 × g for 10 min at room temperature and the pellet was washed with 0.1% sterile peptone water before recentrifuging to remove organic residues. The pellet was then re-suspended in 10 ml 0.1% sterile peptone water.
Inoculation of ciğ köfte
The experiment was repeated three times with intervals of a week. For each trial, 750 g of çiğ köfte was used. Çiğ köfte was prepared freshly by a local restaurant which was randomly selected. Since there is no standard related to production of çiğ köfte, which may differ from recipe to recipe, the restaurant was asked to prepare the çiğ köfte in the way it is prepared for their customers. In the present study, all ingredients used by the restaurant were presented in Table 1 as g/kg çiğ köfte. After the çiğ köfte was brought to our laboratory in 20 min, it was artificially contaminated with cpe (+) C. perfringens type A and mixed by hand using sterile gloves. The çiğ köfte batch was then divided into three groups, placed in foam plates and wrapped with plastic wrap. The groups were stored at 4, 24 and 30ºC and analysed at 0 (immediately after inoculation), 6, 12, 24, 48 and 72 h for microbiological condition and pH measurements.
Microbiological analyses of the samples
At each sampling time, a çiğ köfte sample of 25 g was taken from each group, transferred into the sterile stomacher bag and homogenized in 225 ml 0.1% sterile peptone water using a bagmixer Stomacher 400 (Interscience, St. Norm, France). Homogenized samples (10 -1 ) were serially diluted in 0.1% sterile peptone water (Lab M, England) and pour plated on Tryptose Sulfite Cycloserine (TSC, LAB M, England) agar with D-cycloserine (TSC supplement, Lab M, England) for enumeration of C. perfringens. Characteristic colonies were counted after the plates were incubated at 37ºC±1 for 24±3 h in an anaerobic jar (Guran and Oksuztepe, 2014) . Five randomly selected colonies from TSC agar plates for each storage group were analysed for confirmation of the cpe (+) Clostridium perfringens type A. Confirmation of the pathogen was carried out by simplex PCR using cpa and cpe specific primers, which were cpa1 (5'-GCT AAT GTT ACT GCC GTT GA-3') and cpa2 (5'-CCT CTG ATA CAT CGT GTA AG-3'), cpe1 (5'-GGA GAT GGT TGG ATA TTA GG-3') and cpe2 (5'-GGA CCA GCA GTT GTA GATA-3') (Meer and Songer, 1997) .
When the number of the pathogen dropped below the detection limit (10 cfu/g), the pre-enrichment procedure described by Schalch et al. (1996) was performed for the samples. In addition, those samples were analysed for the presence of the spore forming C. perfringens using the method described by Juneja et al. (2008) . Briefly, a çiğ köfte sample of 25 g was placed into the sterile stomacher bag and homogenized in 225 ml 0.1% sterile peptone water. Homogenized sample was transferred into the sterile erlenmeyer flask and then exposed to heat treatment of 20 min at 75°C. One milliliter of the heat-shocked sample was placed on petri-plates containing a thin layer of TSC agar and subsequently mixed with 15 ml of tempered TSC agar. After solidification of the TSC medium, the petri dishes were overlaid with an additional 5 ml of TSC agar and incubated at 37°C in an anaerobic jar for 24 h. Total aerobic mesophilic bacteria (TAMB) was enumerated by pour plate method using Plate Count Agar (PCA, LAB M, England) incubated at 35°C for 48 h (FDA/BAM 2001). Lactic acid bacteria (LAB) were enumerated on de Man Rogosa Sharpe Agar (MRS, LAB M, England) incubated at 30°C for 48 h. All microbiological tests were performed in duplicate, and the results were expressed as the logarithm of the colony forming units per gram (log 10 cfu/g).
pH measurements
At each sampling time, a çiğ köfte sample of 10 g was taken from each group, transferred into the stomacher bag containing 90 ml distilled water and homogenized for 2 min. After homogenization, pH of the samples was measured using a digital pH meter (Selecta pH 2001, Spain).
Statistical analysis
Statistical analyses of the data obtained from three independent replicates were conducted using Statistical Analyses System (SAS Institute, Cary, NC, v. 8.0, 1999) . The numbers of bacteria were converted to logarithmic values before calculating means and performing statistical analyses. When the numbers of C. perfringens decreased below the detection limit, a value of 0.8 log 10 cfu/g was recorded to perform statistical analysis. The data were subjected to three way Analysis of Variance (ANOVA) appropriate to replicates × storage groups × sampling time to determine fixed effects and interactions between variables. The means were separated using Fisher's least significant differences (LSD) according to general linear model (GLM) procedures. The level of significance (alpha) was set equal to 0.05.
Results
Effects of storage temperature of 4ºC on the number of cpe (+) C. perfringens type A, TAMB and LAB are shown in Figure 1 . After inoculation, initial number of cpe (+) C. perfringens type A, TAMB and LAB were 7.58, 5.48 and 3.92 log 10 cfu/g, respectively. In the sample stored at 4ºC, only a 1.14 log 10 cfu/g reduction was observed in the number of the pathogen in 24 h. The reduction level in the number of the pathogen was 1.6 log 10 cfu/g at the end of the storage of 72 h. In this group, the numbers of TAMB and LAB continuously increased during the storage and reached 7.78 and 5.88 log 10 cfu/g at the end of the storage, respectively (Figure 1) . The reduction number of cpe (+) C. perfringens type A in çiğ köfte stored at 24ºC was 2.49 log 10 at 24 h and 4.38 log 10 cfu/g at 72 h (Figure 2 ). The numbers of TAMB and LAB in this sample rapidly increased and reached 8.27 and 7.62 log 10 cfu/g in 24 h, respectively, and their numbers were 9.35 and 8.35 log 10 cfu/g at the end of the storage, respectively (Figure 2) . Statistical analyses showed that there were significant differences between the samples stored at 4ºC and 24ºC after storage of 12 h in point of the pathogen reduction level (P<0.05). The number of cpe (+) C. perfringens type A in çiğ köfte stored at 30ºC rapidly decreased and dropped below the detection limit (10 cfu/g) within 72 h (Figure 3) . The reduction number of the pathogen was 2.8 log 10 at 24 h and 4.81 log 10 cfu/g at 48 h. Significant differences were observed between the samples stored at 4ºC and 30ºC after storage of 6 h in point of the pathogen reduction level (P<0.05). In this group, the numbers of TAMB and LAB rapidly increased with the effect of the increased temperature and reached 10.65 and 9.80 log 10 cfu/g at the end of the storage, respectively (Figure 3) .
The initial pH level of the çiğ köfte was 5.57 (Table 2) . During the storage, the pH level of the samples continuously decreased, regardless of the storage temperatures. After the storage of 24 h, a significant difference was observed between the samples stored at 4ºC and the samples stored at 24 or 30ºC. 
Discussion
It is well known from the literature that the growth temperature range for C. perfringens is between 20 and 50ºC, and it does not grow at 4ºC (Batt and Patel, 2000; Jay et al., 2005) . This pathogen is also sensitive to low temperature storage, and vegetative cells inoculated into meat are slowly inactivated when the meat is held at 1.5-10ºC (Batt and Patel, 2000) . In our study too, C. perfringens did not multiply in çiğ köfte stored at 4ºC, and its number slowly decreased (Figure 2 ). However, although the temperatures of the samples stored at 24ºC and 30ºC are suitable for the growth of the C. perfringens, the reduction level of the pathogen is more rapid and higher than that in the sample stored at 4ºC (Figure 2 and 3) . At the same time, results of the study show that the number of cpe (+) C. perfringens type A rapidly decreased and dropped below the detection limit within 72 h while the numbers of TAMB and LAB rapidly increased in the sample stored at 30ºC. This finding may be explained by competitive exclusion. Many researchers have reported that lactic acid bacteria play an essential role in foods to prevent the growth of pathogenic microorganisms through acidification and competition for essential nutrients (Sancak and İşleyici, 2006; Durmaz et al., 2007; Ardıç and Durmaz, 2008) .
It has been also reported that the level of pH has a significant effect on the growth of C. perfringens, and C. perfringens cannot grow below pH 5 (Jay et al., 2005; Riemann and Cliver, 2006) . In our study, the pH level of the sample stored at 4ºC did not drop below 5 during the storage whilst the pH level of the samples stored at 24ºC and 30ºC decreased to 4.60 and 4.44 in 24 h, respectively (Table 2 ). These decreases can be explained by the activity of lactic acid bacteria and other acid-producing bacteria in the product. At the end of the storage (72 h), the pH level of the sample stored at 30ºC decreased to 4.02, and cpe (+) C. perfringens type A was not detected in this sample. Since spores play an essential role in the pathogenesis of C. perfringens, this sample was analysed for the presence of the spore-forming cpe (+) C. perfringens type A. Spore-forming C. perfringens was not detected in the sample. It may be due to the low pH level. The pH level should be between 6.0 and 8.0 for the sporulation of C. perfringens (Doyle, 1989 ). It appears that the cumulative stresses of low pH and competition with large numbers of saprophytic organisms may have caused the death of cpe (+) C. perfringens type A. On the other hand, although several ingredients (salt, onion, garlic and pepper) used in the production of çiğ köfte have an antimicrobial effect, when considering the different bacterial reductions between the different storage temperatures, it can be said that the antimicrobial effects of these ingredients remain in the backstage.
As mentioned before, çiğ köfte is a ready-to-eat meat product which does not undergo the thermal treatment to inactivate pathogenic microorganisms. It is always possible that çiğ köfte can be highly or slightly contaminated with cpe (+) C. perfringens type A because this pathogen is described as ubiquitous pathogenic bacterium in our environment. The findings of the present study show that keeping çiğ köfte at 24ºC or 30ºC may be more suitable than keeping it at 4ºC for the rapid inactivation of cpe (+) C. perfringens type A. However, we cannot speculate that çiğ köfte stored at 24ºC or 30ºC is safer than those stored at refrigeration temperature, from a public health standpoint. In addition, in the present study we used only one strain of cpe (+) C. perfringens type A and the çiğ köfte samples were obtained from only one restaurant. Therefore, the inter-strain variability of the pathogen was not investigated, and it should not be ignored that the composition of çiğ köfte may change more or less. Nevertheless, the present study exhibits the behaviour of the cpe (+) C. perfringens type A in çiğ köfte stored at different storage temperatures.
